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A method is described that permits estimating the time required to air season green 7- by 9-inch commer-
cial northern red oak crossties under given conditions of temperature and relative humidity. A specific appli-
cation is made to the air seasoning of crossties during drying from 85 to 50 percent moisture content at each 
of two plants. Besides weather, other factors affecting estimates of the length of air-seasoning periods may be 
variations of the drying-rate factor, K, as affected by species differences in the red oak group; method of 
piling; and position of a pile with respect to surrounding piles and alleys. Green commercial northern red 
oak crossties piled by the 8-by-1 method may, it is shown, reach a moisture content of 50 percent in 5 months 
if piled in the spring, and may require twice as long if piled in the fall. 

Introduction 
The U. S. Forest Products Laboratory, in 

cooperation with the Chicago, Burlington, & 
Quincy Railroad Co., Galesburg, Ill., and the 
Koppers Co., Inc., Wood Preserving Division, 
Orrville, Ohio, investigated the relation of air 
seasoning to preservative treatment of railroad 
crossties. The purpose of the study was to 
obtain data that would (1) be useful in esti-
mating the time required to air season commer-
cial northern red oak crossties to a moisture 
content suitable for pressure treatment with 
preservatives; (2) indicate the corresponding 
transverse and longitudinal moisture content 
gradients existing in crossties after air season-
ing; and (3) permit the estimation of average 
moisture content from readings taken with a 
resistance type of electric moisture meter. Sub-
sequent to air seasoning, records were made of 
the usual treating conditions, preservative re-
tention and penetration, and specific gravity 
determinations. 

Material 
Of the 2,100 crossties used in this study 

1,977 were commercial northern red oak from 
Ohio, Pennsylvania, New York, Illinois, and 
Wisconsin. The remaining 123 were commer-
cial southern red oak from Virginia and North 
Carolina. All the crossties were sawed to the 
same nominal size, 7 by 9 inches by 81/2  feet, 
and contained a negligible amount of sapwood. 

Procedure 
In general, the crossties were received at the 

treating plants within a month after they were 

  1  Engineer, U. S. Forest Products Laboratory, main-
tained in cooperation with the University of Wiscon-
sin, at Madison, Wis. 

2Chemist, Wood Preservation Plant, Chicago, Bur-
lington & Quincy Railroad Co., Galesburg, Ill. 

3Manager, Technical Department, Koppers Co., 
Inc., Wood Preserving Division, Orrville, Ohio. 

sawed. Eight borings were then taken from 
each crosstie: one from each of the four faces 
at one rail bearing and four similarly at the 
midsection. Each boring was cut into 3 parts, 
one representing the outer inch, one represent-
ing the second inch from the surface, and the 
remainder representing the core of the crosstie. 
Corresponding sections of the 8 borings were 
placed in tightly stoppered glass bottles, and 
weighed in the green and oven-dry condition to 
determine the moisture content, in accordance 
with the formula: 

Weight oven-dry X 100 
 

The moisture content values of the 3 sections 
of the 8 borings were averaged to compute the 
average moisture content of each crosstie. The 
length, width, and thickness of each crosstie 
were measured, and each crosstie was weighed. 
These data were used to compute the weights 
per cubic foot when green and when oven-dry. 

All crossties were numbered and were piled 
by the 8-by-1 method (fig. 1) at approximately 
monthly intervals during 11 to 20 consecutive 
months beginning in the spring of 1937. At 
the Chicago, Burlington & Quincy plant each 
pile had 100 crossties and at the Koppers Co. 
plant the number was 76. Each crosstie was 
weighed about once each month and replaced 
in its original position in the pile. Since the 
oven-dry weight had been calculated, it was 
possible to calculate the moisture content cor-
responding to each current weight. 

Before the crossties were piled, nails were 
driven respectively ,1/4, 1/2, 1, 2, and 31/2  inches 
deep into each crosstie at midlength, and, at 
Galesburg, at a rail bearing also. These nails 
served as electrodes to which the leads from an 
electric moisture meter were connected. The 

Moisture content (percent) 
Weight green — weight oven-dry 
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Figure 1.—Eight-by-1 method of piling red 
oak crossties. 

moisture meter was used at intervals when the 
crossties were weighed. From time to time 
when checks occurred at the nails, the nails 
were removed and were driven in adjacent sec-
tions where satisfactory electrical contact could 
be secured. The effect of poor contact is to in-
crease the electrical resistance, and as a result 
the meter reading of moisture content would be 
too low. The readings later referred to in table 
1 were taken during the months of June to 
October. Readings taken during the winter are 
not very reliable because the effect of low tem-
perature is to increase the electrical resistance 
of a crosstie, and the relationship of electrical 
resistance to temperatures in a low range is not 
accurately known. 

Maximum-and-minimum thermometers were 
used to determine average daily temperatures. 
A wood element,4  whose calculated weight 
when oven-dry was 100 grams, was weighed at 
8 a. m. and 5 p.m. The difference between its 
actual weight and the calculated 100 grams was 
recorded and averaged with other differences to 

U. S. Forest Products Laboratory Technical Note 
No. 239. 

compute the equilibrium moisture content dur-
ing a given period. 

At the Orrville plant, precipitation readings 
were recorded daily. For the study at Gales-
burg, precipitation readings recorded by the 
Illinois State Water Survey at Lake Bracken 
Station No. 2 were available. 

At the end of the air-seasoning period, 
1-inch sections of the crossties were used to de-
termine the transverse moisture content distri-
bution and specific gravity in each of 10 cross-
ties from each of 12 piles at each plant. A 
section was cut transversely at midlength of 
each crosstie and was then cut into three zones. 
The moisture content of each zone was deter-
mined by the oven-dry method. At one plant, 
additional sections were cut to determine the 
longitudinal moisture content distribution also. 
These sections were cut at various positions 
along the length of the crosstie. 

After air seasoning, the crossties were 
treated with a 50-50 mixture of creosote and 
petroleum or a 60-40 mixture of creosote and 
tar in accordance with the usual procedure at 
the respective plants. The retention of preserv-
ative by each crosstie was determined by weigh-
ing before and after treatment, with due allow-
ance for condensate in the preservative. 

At least one boring was taken at the mid-
length of each treated crosstie (with the excep-
tion of the crossties in three piles at one of the 
plants) to determine the percentage of annual 
rings treated. 

At Orrville the study piles were isolated 
from other piles and were arranged in 3 east-
and-west rows of 4 piles each. The middle row 
was 4 feet from each of the other rows. 

At Galesburg the rows of study piles were 
placed in the main yard and were spaced 4 feet 
from other rows of piles not included in the 
study. These other rows were put up and taken 
down at various times as a regular part of the 
yard operation. 

Results 
In figures 2 and 3 moisture content is re-

lated to seasoning time for all the piles used 
in the study. 

The curves in figures 4, A and 4, B, the 
mathematical basis for which is discussed in 
the appendix, may be used in estimating the 
time required to air season 7- by 9-inch by 
81/2-foot commercial northern red oak crossties 
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Figure 2.—Moisture-time curves for 12 piles of 7- by 9-inch by 81/2-foot commercial  red oak crossties 
in air-seasoning investigation at Orrville, Ohio; 8-by-1 method of piling. 
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M 38680 F  
Figure 3.—Moisture-time curves for 12 piles of 7- by 9-inch by 81/2-foot commercial northern red oak 

crossties in air-seasoning investigation at Galesburg, Ill.; 8-by-1 method of piling. 
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Figure 4.-A, Time-temperature curves for 7- by 
9-inch by 81/2-foot commercial northern red oak 
crossties at Galesburg, Ill.; curve 1 relates to piles 
with an average drying rate, and curve 2 relates to 
piles with slowest drying rate. B, Time-temperature 
curves for 7- by 9-inch by 81/2-foot commercial red 
oak crossties at Orrville, Ohio; curve 1 relates to 
piles with an average drying rate, and curve 2 re-
lates to piles with slowest drying rate. 

under certain conditions involving given initial 
and final moisture content values, equilibrium 
moisture content values, and corresponding out-
door temperatures. Curves marked 1 in figures 
4, A and 4, B are applicable to piles with aver-
age drying rate; curves marked 2 in the same 
figures are applicable to piles with slowest dry-
ing rate. The procedure indicated may be 
readily modified to apply to other initial and 
final moisture content values of commercial 
northern red oak crossties, temperature, and 
relative humidity. The relationship of relative 
humidity and equilibrium moisture content at 
various temperatures is shown in figure 5. 

In table 1, computed average moisture con-
tent values for the piles at Orrville are com-
pared with the moisture meter readings taken 
with electrodes that penetrated 1/2  inch below 

Table 1.-Calculated Average Moisture Content 
of Crosstie Piles at Orrville, Ohio and Moisture-
Meter Readings Taken at a Depth of 1/2  Inch in 
7- by 9-Inch Commercial Red Oak Railroad 
Crossties 

Pile Number 

Average 
moisture 
content 
Percent 

Moisture 
meter 

reading 
Percent 

1  - - - - - - - - - - - - - - - - - - - - - - - - - - -  45.5 18.2 
2  - - - - - - - - - - - - - - - - - - - - - - - - - - -  49.1 20.8 
3  - - - - - - - - - - - - - - - - - - - - - - - - - - -  50.4 19.5 
4  - - - - - - - - - - - - - - - - - - - - - - - - - - -  48.7 21.3 
5  - - - - - - - - - - - - - - - - - - - - - - - - - - - 50.4 20.8 
6  - - - - - - - - - - - - - - - - - - - - - - - - - - -  49.8 20.3 
7  - - - - - - - - - - - - - - - - - - - - - - - - - - - 51.0 19.3 
8  - - - - - - - - - - - - - - - - - - - - - - - - - - -  48.1 19.2 
9  - - - - - - - - - - - - - - - - - - - - - - - - - - - 48.4 20.7 

10  - - - - - - - - - - - - - - - - - - - - - - - - - - -  48.9 19.3 
11  - - - - - - - - - - - - - - - - - - - - - - - - - - - 49.5 19.6 
12  - - - - - - - - - - - - - - - - - - - - - - - - - - - 48.3 18.9 

the surface of each crosstie having a calculated 
moisture content of 45 to 51 percent. 

The midsection average and transverse mois-
ture content distribution and specific gravity 
values for 120 crossties air seasoned at each 
plant are shown in tables 2 and 3. The trans-
verse and longitudinal moisture distribution 
values obtained at one plant are shown in 
figure 6. 

In table 4 are listed the crossties that re-
ceived satisfactory treatment when at a mois-
ture content of approximately 50 percent. In 
93 percent of these crossties 100 percent of the 
annual rings of the borings showed penetration 
by the preservatives, and 7 percent showed 
penetration in 91 to 97 percent of the annual 
rings. 

Table 5 shows the air-seasoning periods that 
were required by 7- by 9-inch by 81/2-foot com-
mercial red oak crossties when piled during 
different months at Galesburg, Ill. and at Orr-
ville, Ohio. The table is based on the same data 
used in drawing the curves in figures 2 and 3. 

The average moisture content values, treating 
conditions, retentions, and percentages of rings 
of borings penetrated are shown in tables 6 and 
7. The computations to determine the percent-
age of rings penetrated were made in accord-
ance with AWPA recommended practice.5  

According to , AWPA Specification T6-48 
(Revised) : "Standard Specification for the 
Preservative Treatment of Ties by Pressure 
Processes," 65 percent of the rings must be 
treated if the ties are to be accepted. 

As previously mentioned, the daily weights 
of a wood element at each plant were used to 

5 R2-48 (Revised) : Standard Instructions for the 
Inspection of Preservative Treatment of Wood, para-
graph 3.413. 
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Table 2.-Transverse Moisture Distribution, Aver-
age Moisture Content, and Specific Gravity 
Based on 10 Sections Cut From 10 Crossties 
From Each Pile at Galesburg, Ill., After an 
Average Seasoning Period of 14.5 Months 

Table 3.-Transverse Moisture Distribution, Aver-
age Moisture Content, and Specific Gravity 
Based on 10 Sections Cut From 10 Crossties 
From Each Pile at Orrville, Ohio, After an 
Average Seasoning Period of 18.0 Months 

Pile Number 

Moisture content 

Specific,  
gravity.  Pile Number 

Moisture content 

Specific,  
gravity 

Outer 
inch 

Percent 

Next 
inch 

Percent 
Core 

Percent 

Whole 
section 
Percent 

Outer 
inch 

Percent 

Next. 
inch 

Percent 
Core 

Percent 

Whole 
section 
Percent 

1  - - - - - - -  26.5 46.4 63.2 42.2 0.593 1  - - - - - - - - - -  22.5 39.1 48.4 34.2 0.570 
2  - - - - - - - - - 25.4 42.2 62.0 38.9 .600 2  - - - - - - - - - -  21.7 38.3 48.6 33.0 .578 
3  - - - - - - - - - 26.9 46.7 68.9 43.3 .605 3  - - - - - - - - - -  24.8 41.0 47.8 36.2 .568 
4  - - - - - - - - - 28.0 50.4 66.7 44.9 .596 4  - - - - - - - - - -  24.8 42.0 50.0 36.3 .612 
5  - - - - - - - - - 22.9 37.9 49.7 33.6 .588 5  - - - - - - - - - -  26.0 44.4 51.3 38.0 .588 
6  - - - - - - - - - 30.8 52.1 64.0 45.5 .632 6  - - - - - - - -  29.5 56.2 71.0 48.0 .562 
7  - - - - - - - - - 31.0 51.5 64.6 46.2 .629 7  - - - - - - - - - -  31.2 52.3 73.5 42.4 .548 
8  - - - - - - - - - 24.6 42.8 46.7 36.0 .614 8  - - - - - - - - - -  25.2 46.7 55.4 37.0 .584 
9  - - - - - - - - -  28.4 48.4 66.8 43.6 .570 9  - - - - - - - - - -  28.2 42.3 51.1 37.5' .569 

10  - - - - - - - - -  28.0 47.3 63.7 42.0 .594 10  - - - - - - - - - -  26.4 45.7 63.6 41.0 .643 
11  - - - - - - - - -  22.1 41.2 50.6 34.8 .605 11  - - - - - - - - - -  24.9 51.2 61.8 42.4 .580 
12  - - - - - - - - - - - - - 

 27.0 46.0 67.6 42.0 .594 12  - - - - - - - - - -  25.5 49.0 61.9 36.3 .591 
Av.  - - - - - - - 26.8 46.1 61.2 41.1 .602 Av  - - - - - - - - 25.9 45.7 57.0 38.5 .574 
"Based on volume when green and weight when oven-dry. 

determine equilibrium moisture content values. 
The relationship of equilibrium moisture con-
tent values to relative humidities at various 
temperatures is shown in figure 5. The relative 

'Based on volume when greenandweightwhenoven-dry. 

humidities corresponding to equilibrium mois-
ture content values recorded at Orrville were 
compared with the relative humidities deter-
mined by the Weather Bureau Office at Colum- 

Figure 5.-Equilibrium moisture content as a function of temperature, relative humidity, and 
partial vapor pressure. 

Page six 



AMERICAN WOOD-PRESERVERS' ASSOCIATION 

FF 75166 F 

Figure 6.-Transverse and longitudinal moisture content distribution based on 120 commercial red 
oak crossties 7 by 9 inches by 81/2  feet in size, after air seasoning for 18 months at Orrville, Ohio. 
Curves at lower left numbered according to moisture section cut from ties as shown at upper right; 
curves at lower right lettered according to thickness zones as shown in upper left. 

Table 4.-Commercial Northern Red Oak Crossties With Preservative Retentions of About FROMnds 
or More When TMated at a Moisture Content of About 50 Percent 
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DUS, Ohio. Likewise, the monthly average tem-
peratures at the two locations were compared. 
The results are plotted in figures 7, B and 8. 
Similarly figures 7, A and 9 show the relation-
ship of relative humidities and temperatures at 
Galesburg and Peoria, Ill. These graphs indi-
cate that the Weather Bureau records of tem- 

perature and relative humidity would be very 
useful in estimating air-seasoning periods at 
the two treating plants provided rainfall is not 
excessive. It is probable that better estimates of 
air-seasoning periods could be made if rain-
tight covers were provided for the piles. 

Table 5.-Air-Seasoning Periods That Were Required by 7- by 9-Inch by 81/2-Foot Commercial Red Oak
Crossties1 to Attain an Average Moisture Content of About 50 Percent at 

Orrville, Ohio and Galesburg, Ill. 

Table 6.-Final Average Moisture Content Values, Treating Conditions, and Preservative Retention and 
Penetration in 7- by 9-Inch Commercial Northern Red Oak Crossties at Galesburg, Illinois 

Table 7.--Final Average Moisture Content Values, Treating Conditions, and Preservative Retention and 
Penetration in 7- by 9-Inch Commercial Red Oak Crosstiesi at Orrville, Ohio 
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Figure 7.—Relative humidity at different loca-

tions: A, relationship of relative humidity at 
Peoria, Ill., to that at Galesburg, Ill.; B, relation-
ship Of relative humidity at Columbus, Ohio, to 
that at Orrville, Ohio. 

Discussion of Results 
Figures 2 and 3 clearly show the marked re-

tarding effect of winter weather on the air sea-
soning of commercial red oak crossties. Little 
or no drying occurred under such conditions 
when the moisture content was below about 70 
percent. The minimum average for a pile after 
18 months' seasoning was about 35 percent. 

The data in table 1 indicate that electric 
moisture meter readings taken at a depth of 1/2  
inch are a fair indication of average moisture  

content when the crossties have dried to 50 per-
cent or less. When the readings were 21 per-
cent or less, the average moisture content was 
50 percent or less. 

Figure 6 indicates that after 18 months' air 
seasoning the transverse moisture content varies 
from 15 percent at the surface to 57 percent in 
the core at the midsection of a 7- by 9-inch red 
oak crosstie. Figure 6 shows also that in the 
outer 2 inches of the cross section, comprising 
76 percent of the30ross-sectional area, the end- 

Figure 9.—Relationship of temperature at Peoria, 
Ill., to that at Galesburg, Ill. 
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drying effect extends inward only about 6 
inches, while in the core it extends inward 
about 24 inches. 

To the extent to which moisture content, 
rather than wood structure, is a controlling 
factor in treatment, table 4 indicates that 7- by 
9-inch commercial northern red oak crossties at 
a moisture content of 50 percent can be satis-
factorily treated with a- 50-50 mixture of creo-
sote and petroleum. 

Figures 7, 8, and 9 indicate that Weather 
Bureau records of temperature and relative 
humidity should be very useful in estimating 
air-seasoning periods provided that precipita-
tion is not excessive or that the crossties are 
protected from precipitation. Referring to figure 
7, A, for example, a relative humidity of 70 
percent at Peoria corresponds to 75 percent at 
Galesburg. It is evident from figure 9 that a 
temperature of 70° F. at Peoria corresponds to 
a temperature of 71° F. at Galesburg. In figure 
5 the equilibrium moisture content correspond-
ing to 71° F. and 75 percent relative humidity 
is 15 percent. Figure 4, A is based on original 
and final moisture content values of 85 and 50 
percent, respectively, and an equilibrium mois-
ture content of 15.1 percent (Appendix). Re-
ferring to curve 1 in figure 4, A the average 
drying time would be about 71/2  months, unless 
winter months were a part of the air-seasoning 
period, in which case the period would be ex-
tended 3 or 4 months when the average tem-
perature is 71° F. 

Aside from weather effects and inherent dif-
ferences in drying-rate factors of various species 
in the red oak group, differences in air-season-
ing periods required by the different piles may 
be attributed to differences in location of piles 
with respect to surrounding piles and alleys. 
For example, it is to be expected that piles 
closely spaced in the middle of a row would 
dry more slowly than piles next to a wide alley, 
where air circulation would be more rapid. The 
effect of pile location cannot be accurately 
gaged because the spaces around the piles 
varied from time to time. 

A comparison of the last line of data in table 
2 with that in table 3 indicates that the prin-
cipal effect of seasoning 7- by 9-inch commer-
cial northern red oak crossties for 18 months 
instead of 14.5 months is to reduce the mois-
ture content of the core about 4 percent, with  

but little effect upon the rest of the cross sec-
tion, comprising 76 percent of the total cross 
section. 

Table 5 indicates that the time required to 
air season the crossties at Galesburg varied 
from 4.3 months when they were piled in May 
to 10.3 months when piled in September. 

Corresponding air-season-  ing  periods for 
crossties at Orrville were 4.8 and 12.1 months 
(table 5). It is interesting to note that the time 
required for Pile 11 at Orrville, which was 
commercial southern red oak, was 16.5 months, 
or twice as long as that for Pile 10 at Orrville, 
which was commercial northern red oak. 

There were wide differences both in reten-
tion and in penetration in individual crossties 
(tables 6 and 7) . These differences, however, 
are not necessarily related to moisture content 
of the wood but may result from wood struc-
tural differences. For example, air permeability 
tests6  made on sections cut from two crossties 
showed the permeability in one crosstie to be 
40 times that in the other. The retention of 
preservative in the crosstie with smaller per-
meability was 3.66 pounds per cubic foot, while 
the corresponding figure for the other crosstie 
was 7.18 pounds per cubic foot. The moisture 
content of the low-permeability crosstie was 
42.5 percent and its specific gravity (based on 
oven-dry weight and volume when green) 
0.567, while the corresponding data for the 
other crosstie were 47.5 percent and 0.586. In 
other words, the crosstie with the higher mois-
ture content and higher specific gravity was 
much more permeable than the other crosstie. 
Examination of the sections tested showed that 
the tyloses were much more abundant in the 
low-permeability crosstie than in the other 
crosstie and indicated the importance of the 
effect of tyloses on retention of preservative. 

Summary and Conclusions 
1. A method is described that permits an 

estimate to be made of the time required to air 
season green 7- by 9-inch commercial northern 
red oak railroad crossties under given condi-
tions of temperature and relative humidity. A 
specific application is made to the air seasoning 
of crossties during drying from 85 to 50 per- 

Variation in the Porosity of Twelve Species of 
Oak: Southern Lumberman, March 15, 1942, pp. 31 
to 33. 
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cent moisture content. Besides weather, other 
factors affecting estimates of the length of air-
seasoning periods may be variations of the dry-
ing-rate factor, K, as influenced by species 
differences in the red oak group, method of 
piling, and position of a pile with respect to 
surrounding piles and alleys. 

2. Commercial northern red oak crossties 
piled by the 8-by-1 method may reach a mois-
ture content of 50 percent in 5 months if piled 
in the spring and may require twice as long if 
piled in the fall. 

3. A method of estimating moisture content 
distribution is described and an application is 
made to 7- by 9-inch crossties after 14.5 and 
18.0 months' air seasoning. 

4. In the outer 2 inches, representing 76 per- 

tween the calculations for heat conduction and 
moisture movement in wood.7 The pertinent 
equations for diffusion are as follows. 

Newton's law of diffusion in an infinite sheet 
may be expressed by the Fourier equation:

In this equation, dm = change in concentra-       

n 

 tion; change in concentration with 

respect to differential distance x from the sur- 
face; dt = differential time; and K is the 
diffusion constant. The equation expresses the 
fact that  the change of concentration with re-
spect to time is proportional to the slope of the 
concentration gradient. The solution of this 
equation is: 

(2) 

cent of the volume of a 7- by 9-inch red oak 
crosstie, the end-drying effect after 18 months 
extends inward only about 6 inches. In the core 
the effect may extend inward 2 feet. 

5. The data taken with a resistance type of 
electrical moisture meter at one plant indicate 
that, when readings taken at a depth of 1/2  inch 

In this equation 
free liquid concentration per unit volume 

initial free liquid concentration per unit volume' 
x =  distance from surface, R = half slab 

diffusion constant. The integration of equation 
2 is as follows: 

(3) 

are 21 percent or less, the average moisture 
content is 50 percent or less. 

6. A considerable number of crossties were 
treated at a moisture content of about 50 per-
cent, and were, according to AWPA require-
ments, treated satisfactorily with respect to 
retention and penetration. 

7. Normally, commercial red oak used for 
crossties has open pores. Sometimes, however, 
the wood may sporadically develop tyloses that 
interfere more or less with treatment. Conse-
quently, treatment in such crossties may be un-
satisfactory even though they are dried to an 
average moisture content of 50 percent. 

Appendix 
In 1925 the U. S. Forest Products Laboratory 

suggested that there might be an analogy be-
' Tuttle, Fordyce. A Mathematical Theory of the 

Drying of Wood. Franklin Inst. Journal 200:609-
614, illus. 1925. 

and expresses the degree to which the specimen 
has been dried. 

The theory upon which these equations are 
based involves a number of assumptions: (1) 
the validity of Newton's law of diffusion; (2) 
the constancy of the diffusion constant; (3) a 
uniform moisture distribution when the drying 
begins; (4) that the effective moisture move-
ment is normal to the surface; (5) that the sur-
face fibers attain a moisture content that is in 
equilibrium with the surrounding atmosphere 
as soon as drying begins; (6) that the thickness 
of the specimen does not change; and (7) that 
the temperature and relative humidity remain 
constant during the drying process. 

Even though the conditions underlying the 
mathematical theory are seldom if ever met in 
practice, methods are available that have proved 
helpful in estimating the time required to dry 
various materials. 
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Table 8.-Actual and Calculated Average Transverse Moisture Distribution Values for 120 Crossties at 
Each of Two Treating Plants After Air-Seasoning Periods Shown 

The solution of such equations by ordinary 
methods is too complicated for practical use. 
In 1929, however, Sherwood8  devised methods 
of simplifying the calculations by means of 
graphs. 

Figure 10 is based on Sherwood's curves for 
the calculation of moisture distribution, and 
figure 11 is useful in calculating the degree to 
which drying has progressed. 

Referring to figure 10, the abscissas are 
average values of evaporable moisture, E, which 
is equal to  

content during the drying was 15 percent. 
Then 

The ordinates are individual values of E at 
different zones of a section corresponding to 
average values of E for the entire section. For 
example, when the average value of E is 0.60, 
the corresponding value at 50 percent of the 
drying thickness is about 0.70. 

An application of the use of figure 10 is 
shown in table 8. In this table the actual mois- 

Present moisture content - equilibrium moisture content 
Original moisture content - equilibrium moisture content 

For example, suppose that a crosstie has dried 
from an initial moisture content of 85 percent 
to 50 percent and that the equilibrium moisture 

8 

 Sherwood, T. K. The Drying of Solids-I. Indus. 
and Engin. Chem. 21:12-16, illus. 1929. 

ture distribution values are taken respectively 
from the last line of data in table 2 and from 
the last line of data in table 3. The curves in 
figure 10 are based on a drying thickness which 
is one-half the thickness of the piece. For the 

10.-Moisture-distribution curves for wood with individual values of E for different distances 
below surface plotted against average values of E. 
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Figure 11.-Relationship of E and T. 

120 crossties at Galesburg, the drying thickness 
is 3.5 inches. For the outer inch the average 
depth is 0.5 inch. Hence, as referred to in 
figure 10, the percentage of drying thickness is 
0.5 
3.5 

X 100 14 percent. Similarly, the per- 

centages for the next inch and for the core are, 
respectively, 43 and 79. The average value of 
E, evaporable moisture for these crossties, is 
computed to be 0.45. With these percentages 
and this value of E, and with corresponding 
data for Orrville, the moisture distribution 
values shown in table 8 were computed and are 
in fair agreement with the actual values. 

In figure 11 the ordinates are average values 
of E for the entire section. The abscissas in  

figure 11 are designated by T, which is equal 

to Kθ 
 . In this fraction K is the drying-rate 

R2
  

factor,9  ɗ is time, and R is half the thickness 
of an infinite slab of material. The K value for 
a slab of given thickness and infinite width is 
ordinarily used in drying problems. Its magni-
tude is one-half the K calculated for a square 
with equivalent drying characteristics, and the 
K for an equivalent square is used in these 
calculations. 

To apply this factor to the drying of a shape 
of material such as a crosstie, it is desirable to 

The drying-rate factor is the percentage of mois-
ture per day flowing transversely with respect to the 
fiber direction  when the moisture gradient is 1 per-
cent per inch in the direction of flow. 
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recall that, for example, a stick 1 inch square 
will dry faster than a 1- by 8-inch board, other 
factors being equal, because in the former the 
ratio of surface to volume is greater than in the 
case of the board. Consequently, use is made of 
the concept of equivalent square, which can be 
expressed mathematically as follows: 

in which 2R is the side of a square with equiv-
alent drying characteristics, a is the width, and 
b is the thickness of the material being dried. 

In the case of a 7- by 9-inch crosstie: 

 

 whence R =_- 3.91 and R2  = 15.3 square 
inches.10  Referring to figure 11, it is noted that 

10  The values of R2 for the crossties at the two 
plants were based on the actual average dimensions 
of the cross sections rather than on the nominal 
dimensions, and were 16.02 and 15.50 for Galesburg 
and Orrville, respectively. 

Figure 12.—Relationship of drying-rate factor K 
and temperature for 7- by 9-inch commercial north-
ern red oak crossties at Galesburg, Ill. 

Figure 13.—Relationship of drying-rate factor K 
and temperature for 7- by 9-inch commercial red 
oak crossties at Orrville, Ohio. 

when E = 0.50, T  = 0.196. Substituting in 
Kɗ the equation T Kɗ , 0.196 

B

.3 15  
. The 

R2   

symbol 0, time, is determined experimentally. 
The factor K can then be computed and is re-
lated to temperature during the drying process. 

By this procedure the points plotted in 
figures 12 and 13 were determined. The left-
hand line in each figure is the straight line of 
best fit as computed by the method of least 
squares. The right-hand line in each case 
applies to piles with slowest drying rate. The 
point numbers relate to pile numbers; points 
with the same numbers correspond to different 
stages of drying of the same pile. In making 
the calculations, the months of December to 
March were omitted because, when the mois-
ture content was below about 70 percent during 
these months, practically no drying occurred. 
In fact, in some cases, the moisture content 
increased slightly during those months. 

With the relationship of K to temperature 
established from the experimental work, the 
data may be used to estimate the time required 
to air season commercial northern red oak cross- 
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ties. Suppose that it is desired to compute the 
drying time required to dry the crossties from 
85 to 50 percent corresponding to an equili-
brium moisture content of 15.0 percent at vari-
ous temperatures. Referring to the preceding 
discussion and figure 11, it is noted that for 
these conditions T = 0.196, and that accord-
ing to figure 13, for a monthly average temper-
ature of 70° F. during the drying period, K is 

0.013 at Orrville. The equation T = Kθ can 
R2  

2  
be rewritten as 0 =  TR. Substituting these 

values of T and K in this equation 
0.196 X 15.3 

θ === 
0.013 

- 231 days; or 7.7 months. 

Values of Θ computed in this manner are 
plotted against temperatures in figure 4. Curve 
1 in figure 4, A is based on the left-hand line 
in figure 13. Likewise curve 1 in figure 4, B is 
based on the left-hand line in figure 14. These 
curves are based on the respective actual values 
of 15.1 percent and 14.2 percent equilibrium 
moisture content and actual values of R2  of 
16.02 square inches for Galesburg and 15.50 
square inches for Orrville. The computations 
were made without considering the cold 
months, during which little or no drying 
occurred below 70 percent moisture content. 
Consequently, if in the example given above 
the air seasoning includes the winter months, 
3 to 4 months should be added to the calcu-
lated period of 7.7 months. 

Certain of the points on the right-hand side 
of figure 13 appear erratic and were not in-
cluded in calculating the line of best fit. Rain 
appears to have been at least one of the factors 
affecting the positions of these points. For ex-
ample, during the 5 days immediately preced-
ing the weighing of the crossties for the deter-
mination of point 4a, the precipitation was 
3.20 inches during 4 days, and the total num-
ber of rainy days since the preceding weighing 
was 15. The corresponding data for 4b were 
0.15 inch in 1 day, and 8 rainy days. Similar 
data for point 3a are 1.28 inches in 5 days, and 
19 rainy days; for 3b, 3.20 inches during 3 
days and 10 rainy days; for 3c, no rain for 4 
days, 0.154 inch in 1 day, and 8 rainy days;  

for 3d, 0.43 inch in 3 days, and 7 rainy days; 
and for 3e, about 0.1 inch in preceding 18 
days. It thus appears that rain may have a 
marked effect on the drying-rate factor, and the 
indication is that rain-tight pile covers would 
be advantageous. 

The corresponding data for point 2a in 
figure 12 are 2.48 inches in 2 days, and 6 rainy 
days in all; for point 2b, 0.11 inch in 2' days 
and 8 rainy days; and for, point 2c, 0.03 inch 
in 1 day and 9 rainy days. Point la, as well as 
point 2a, was not included in calculating the 
line of best fit. Point la corresponds to the 
weighing when pile 1 was not near any other 
pile; that is, during the first stage of air season-
ing when drying was abnormally rapid. 

Figure 12 indicates that the drying rate 
factor varies greatly with temperature. This 
figure affords a basis for estimating the relative 
seasoning values of the months of the year. 
Thus in table 9 the monthly normal tempera-
tures at Peoria, Ill., are tabulated together with 
K values as related to these temperatures in 
figure 12. Since the drying-rate factor in this 
case is maximum in July, this calendar month 
is rated as one seasoning month, and the other 
calendar months are rated in proportion to the 
corresponding K values as something less than 
one full seasoning month. The ratings are 
listed in the fourth column of table 9. At 
Galesburg, Ill., 7- by 9-inch by 81/2-foot com-
mercial northern red oak crossties were sea-
soned from a moisture content of 81 percent in 
May to about 50 percent during the following 
October. This period is equivalent to about 
41/2  seasoning months. 

Table 9.-Monthly Normal Temperatures at Peoria, 
Ill., K Values, and Seasoning Months 

Seasoning 
Month Temperature K months 

°F 
January  - - - - - - -                    23.1 0 0.0 
February  - - - - - -  25.9 0 .0 
March  - - - - - - - -  37.0 0.0017 .1 
April  - - - - - - - - -  50.9 .0066 .4 
May  - - - - - - - - -  61.7 .0105 .7 
June  - - - - - - - - -  70.9 .0139 .9 
July  - - - - - - - - -  75.4 .0156 1.0 
August  - - - - - - -  72.5 .0145 
September  - - - - -  64.3 .0116 .7 
October  - - - - - - -  52.0 .0070 .4 
November  - - - - -  37.5 .0018 .1 
December  - - - - -  28.1 0 .0 

Total  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 5.2 

American Wood-Preservers' Association, 839 Seventeenth Street, N. W., Washington 6, District of Columbia. 
PREPARED FOR the annual meeting of April 26, 27, 28, 1949, Hotel Jefferson, St. Louis, Missouri. 
Tins ASSOCIATION is not responsible for any statement made or opinion expressed in its publications. 
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